Study objective: To examine the effect of family welfare index (FWI) and maternal education on the probability of infant death. Design: A population based multistage stratified clustered survey. Setting: Women of reproductive age in Indonesia between 1983-1997. Data sources: The 1997 Indonesian Demographic and Health Survey. Main results: Infant mortality was associated with FWI and maternal education. Relative to families of high FWI, the risk of infant death was almost twice among families of low FWI (aOR=1.7, 95%CI=0.9 to 3.3), and three times for families of medium FWI (aOR=3.3 ,95%CI=1.7 to 6.5). Also, the risk of infant death was threefold higher (aOR=3.4, 95% CI=1.6 to 7.1) among mothers who had fewer than seven years of formal education compared with mothers with more than seven years of education. Fertility related indicators such as young maternal age, absence from contraception, birth intervals, and prenatal care, seem to exert significant effect on the increased probability of infant death. Conclusions: The increased probability of infant mortality attributable to family income inequality and low maternal education seems to work through pathways of material deprivation and chronic psychological stress that affect a person's health damaging behaviours. The policies that are likely to significantly reduce the family's socioeconomic inequality in infant mortality are implicated.
B
etween 1987 and 1990 about nine million infants died annually worldwide, yielding a global infant mortality rate (IMR) of 67 per 1000 live births. 1 Furthermore, evidence worldwide showed that those from lower socioeconomic status have higher morbidity and mortality rates, 2 and action from every country to increase public health spending aimed at reducing socioeconomic inequality in infant mortality is called. 3 In Indonesia, IMR has been declining; from 142 in 1967-1971 to 46 per 1000 in 1992-1997 period. 4 The rapid decline in IMR in Indonesia disguises the differential in infant mortality among geographical areas and socioeconomic groups. The urban-rural inequality in IMR has been widening; namely 42% higher in rural compared with urban regions. 5 6 Gwatkin indicated that the mortality differentials in Indonesia were associated with socioeconomic status, measured by Wealth Quintiles and a Poor/Rich Ratio. 7 Other studies have also shown that infants from low socioeconomic families are at greater risk for illness and death than high socioeconomic status families. [7] [8] [9] [10] [11] [12] [13] [14] [15] There are numerous studies that show that IMR is closely associated with various potential risk factors, namely ethnicity, education of the mother, access to and use of health services, and residence-urban compared with rural 16 17 antenatal and postnatal care, 18 low birth weight, 19 -21 the absence of breast feeding, 22 prematurity, 23 birth order, 24 young maternal age and frequent birth interval, 25 overcrowding and population density, 26 as well as the use of medical services. 13 The relation between socioeconomic status and health status including IMR, have been extensively reported over the years and the relation has been replicated in both developed and developing countries using almost every measure of adverse health outcome. 2 27 28 The World Bank has highlighted using data from 115 countries that the level of income per capita and education significantly predict the countries health performance: that between 1960 and 1990, the health conditions of countries improved when the level of education increased along with increases in per capita income. 29 In 1997, Indonesia undertook the Demographic and Health Survey (1DHS), assisted by the Macro International-USA (MI-USA). 30 This is the first study to model the association between infant mortality, family welfare status (FWI), and maternal education adjusting for potential risk factors and geographical variation.
METHODS

Sources of data
The data were obtained from the MI-USA. The IDHS follows a three stage stratified probability sampling design, where the sample was stratified into 27 provinces. A sample of 34 255 households (response rate 99%) were randomly selected from 1413 Primary Sampling Units (PSUs). The average cluster size was 25 households per PSU. The demographic and health data were obtained by interview from 28 810 reproductive women aged 15 to 49 years (response rate 98%). To produce adjusted and non-biased estimates at the appropriate levels of aggregation (national, regional, provincial and urban-rural), weights were applied to the data. 31 Study variables A binary outcome variable was selected, namely whether or not each of the live born infant(s) from the interviewed women was alive or dead in the 12 months after birth.
Of interest were the variables related to socioeconomic status, measured by the FWI and length of maternal education. The FWI is a unique nationally adopted index of family welfare status, 32 used to monitor changes in the level of poverty and welfare at the household level. 33 It consist of five levels of family welfare status, namely pre-prosperous, low prosperous, medium prosperous, high prosperous, and very high prosperous families. 32 34 In this study, FWI was categorised into three levels namely, high (medium to very high prosperous), medium (low prosperous), and low (preprosperous). These three levels of FWI were interpreted as rich, near poor, and poor families. 35 Length of maternal education was dichotomised into two levels namely, less than seven or seven or more years of formal education.
The following risk factors were investigated, namely: current contraceptive method, birth intervals, maternal age at first birth, marital duration, infants' size perceived by the mothers, infants' birth weight, prenatal care by health personnel, antenatal TT immunisation, place of delivery, religion, and marital status, as well as geographical residence (see table 1 ).
Statistical analysis
A logistic regression model was applied using the generalised estimating equations (GEE) model fitting technique (multilog-cumlogit) on SAS-Callable SUDAAN software version 8.0. 36 37 The detailed explanation of the statistical approach, which uses Taylor Series Linearisation method to compute model based variance, and which adjusts for the complex sampling design, is reported elsewhere. [36] [37] [38] [39] To test the model's goodness of fit, the Wald test based on the estimated covariance matrix was used. 36 The backward modelling approach was used to derive a final model; with exclusion from the model based on a probability value of 0.05. The adjusted odds ratios and their 95% confidence intervals were calculated.
RESULTS
Descriptive results showed that there is socioeconomic differentials in infant mortality in Indonesia, namely between low, medium, and high FWI (see table 1 ). The proportion of infant deaths among women from families of medium and low FWI was almost the same, namely 17.5% (SE=2.4) and 17.4% (SE=1.6); whereas among women from high FWI was 8.6% (SE=2.4). There was also a significant difference in the proportion of infant deaths among women with different levels of education: 8.1% (SE=1.3) among women with length of education greater than seven years, and 18.9% (SE=1.7) among those with education less than seven years. Significant differentials in the proportion of infant death were also observed among women with various potential risk factors, namely absence of contraception, short birth intervals, young maternal age at first birth, marriage longer than six years, divorced or widowed women, religion, women who gave birth at home, absence of antenatal TT immunisation, and absence of prenatal care. It was also shown that women with smaller infants had a bigger proportion of infant death. The provincial inequality of infant death was also observed (results can be given on request); with an absolute percentage difference of 28.51%, and the absolute percentage ratio of 33.4/4.89 (or 6.83 times). Meanwhile, the proportion of infant deaths in urban and rural areas was almost the same, namely 16.6% (SE=1.5) in rural areas and 17.5% (SE=2.6) in urban areas.
Probability of infant death
The adjusted probability of infant death due to low levels of maternal education was three times higher (aOR=3.4, 95% CI=1.6 to 7.1) compared with mothers with more than seven years of education (see table 2 ). The probability of infant death among women from medium FWI was three times higher (aOR=3.3, 95% CI=1.7 to 6.5) and twice as high for low FWI families (aOR=1.7, 95%CI=0.9 to 3.3, where the 95%CI includes one). Having excluded non-significant covariates, the final model is presented in table 3. A significant interaction (p<0.001) between family welfare status and maternal education was present.
The results also indicate potential risk factors such as the absence of contraceptive methods, age at first birth younger than 20 years old, absence of antenatal TT immunisation, birth intervals of two years or less, low birth weight, divorced mothers, and mothers who were married between four and six years, and residence, as significant predictors.
DISCUSSION
Results of this study support claims that both family income inequality and low maternal educational levels increased the probability of infant death. This association has been observed not only in developing countries but also in developed countries. 7-12 15 Compared with the women from high FWI, the probability of infant mortality among women from medium FWI was 300% higher, and almost double among women from the low FWI. The low FWI has been interpreted elsewhere as being "poor" families, whereas medium FWI was the "near poor" families. [32] [33] [34] [35] The absence of a dose-response relation between low and medium FWI may be attributable, in part, to misclassification effects caused by non-economic criteria used in the classification of the FWI. The inclusion of "religious practice" criteria, for example has been criticised as being bias. 32 33 For example, economically poor families (fitting the low FWI criteria) scoring high in religious criteria (a criteria used in the classification of FWI) may be misclassified as being in the medium FWI group, and vice versa. It can be seen for example, that the proportion of infant deaths between low and medium FWI was almost the same, namely 17.4% and 17.5% respectively. Therefore, the level of family income for these two groups is almost the same, and the division between the low and the medium FWI is likely to be affected by this non-economic criteria, as well as small gradient between the low and medium FWI. The lack of a dose response relation may also be attributable to the effect of social cohesion 40 ; in which it was indicated that where income differences are small (in a homogenously poor society) people experience a social environment that is less hostile and more hospitable. Wilkinson also indicated that cohesive social relations among poor societies can exert a protective effect. 41 Among women who have less than seven years of education, the probability of infant death was threefold higher than women with educational levels of seven years or more. This finding supports the claim by a number of studies, [42] [43] [44] that wider income differences are associated with numerous social variables likely to affect health, including poorer educational attainment.
Understanding the mechanism and pathways whereby both income inequality and low maternal education increased the probability of infant death is essential for deriving accurate conclusions about the nature of their links. Currently, there are three mechanisms and pathways that have been proposed concerning the relation between income inequality and health status namely, the neo-material, psychosocial environment, and individual income theories. 45 46 Results of this study indicate that a combination of both material and psychosocial pathways seems to explain the high probability of infant death among deprived families, rather than the individual theory. Lynch stated that in most circumstances, neither the material nor the psychosocial mechanisms work independently, but linked one to another. 45 The first of these, the "Neo-material" theory, suggests that the effect of income inequality on health status reflects both lack of resources held by people, and systemic underinvestments across a wide range of community infrastructures. 42 46 47 Applying this theory to the findings of the study, one might infer that income inequality (measured by FWI) as well as low maternal education are a result of accumulated political and economical policies, as well as historical and cultural factors, that produce not only patterns of income distribution, but also patterns of community infrastructure that affect education, public health services, availability of healthy foods, social security, health insurance, etc. These conditions, unfortunately, create inequity of "public services", creating inadequate community health and education, and widen the gap between the rich and poor. Consequently, among the poor families, their health and education needs are likely to be compromised because of lack of both public and individual material resources.
The economic crisis that hit Indonesia in 1997 also supports the neo-material interpretation namely, that increased poverty attributable to economic and material deprivation result in detrimental effects on health. 34 The economic crisis has created shortage of health services to the most at risk populations and compromised health demands among them. The increased risk of infant death attributable to low birth weight shown in the study (aOR=1.13, 95% CI 1.03 to 1.23) can be interpreted as the result of malnourished, poor, and less educated mothers. And women from the low and medium FWI (with low educational attainment) are those who have long been exposed to long term material deprivation (between 1983 and 1997), resulting in the observed threefold increased likelihood their infants dying. On the other hand, a greater social cohesion, characterised by economically and culturally homogenous society, is assumed to be present in the rural areas of Indonesia, and proved to have a protective effect against an increased risk of infant deaths (aOR=0.8, 95% CI 0.6 to 1.05) than those who live in the urban areas.
Applying the "psychosocial" mechanisms, 41 48 to the interpretation of the study findings in an economically disadvantaged environment such as Indonesia, it would suggest that the increased risk of infant mortality is associated with ill health behaviours caused by psychosocial stress and lack of social cohesion (indicated by the gap between the poor and rich), along with material deprivation or lack of human investment, including education and health care. 40 47 As highlighted by Mosley, 13 the effect of poverty and low education work through a behaviourally mediated biosocial mechanism, manifested in the family and individual decision making processes related to health matters. It has been reported that in response to neo-material living condition, the deprived people were consequently driven to finally adopt health damaging behaviours. 46 48 49 This study shows that, indeed, the increased probability of infant death among deprived women was significantly related to various risk factors such as the absence of contraceptive use (aOR=1.6, 95% CI 1.4 to 1.8), or marriage and having infants at a young age (less than 16 years old) (aOR=1.84, 95% CI 1.4 to 2.4). The increased likelihood of infant death among deprived women was also significantly associated with other risk factors that are closely linked with both material deprivation and lack of health related knowledge, namely absent from pre-natal TT immunisation and birth spacing of two years and less (see table 2 ).
Until recently, reduction of infant mortality in the general population has been focused on the delivery of various clinical and public health technologies, which tend to ignore the economic and psychosocial constraints related to the effective use of health services. These factors that restrict families from using new health technologies may well be the same factors that predispose the child to higher risks of infant mortalitythat is, family welfare status and maternal education. If this is the case, it may be that the current technology oriented health intervention programmes may be less cost effective than previously anticipated. 50 To summarise, the increased probability of infant death among deprived families and women is determined by both external and internal factors. The external factors driven by shortcomings in public policies creates unhealthy social and health environmental system, and triggers adverse psychosocial and internal ill health behaviours that increases the probability of infant death.
The results, therefore imply, that a change in population health related policies in Indonesia is needed to reduce socioeconomic inequalities in infant mortality, especially among targeted population. The policies should consider the causeeffect relation between infant mortality and socioeconomic status (measured by family welfare and maternal education), and should meet an urgent need to significantly reduce the burden of excess mortality and morbidity suffered by the poor. 3 51 A stronger political commitment from the Indonesian government along with international support are required to tackle this significant public health issue. 
